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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a separator for a solid high molecular 
electrolyte fuel cell for miniaturization and weight 
reduction thereof while improving the corrosion 
resistance of the separator at a low cost. 
SOLUTION: This separator 30 is formed of a separator 
base material 31 and a coating layer 35 coated on the 
separator base material 31. The coating layer 35 has a 
multiple layered structure formed of two layers or more 
of a low electrical resistant layer 34, a corrosion 
resistant layer 33 and a peeling resistant layer 32. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the cell stack constituted by carrying out the laminating of two or more cells 
which consist of solid-state polyelectrolyte film, and the anode electrode and cathode electrode 
which are arranged to both sides of this solid-state polyelectrolyte film. In the separator of the 
solid-state polyelectrolyte mold fuel cell which is inserted between said cells and used within 
this cell stack said separator It is the separator of the solid-state polyelectrolyte mold fuel cell 
which consists of a separator base material and a coating layer covered on this separator base 
material, and is characterized by said coating layer having the multilayer structure which 
consists of more than two-layer [ of a low electrical-and-electric-equipment resistance layer, a 
corrosion-resistant layer, or the peeling resistance layers ]. 

[Claim 2] It is the separator of the solid-state polyelectrolyte mold fuel cell characterized by the 
ingredient of a separator base material being any one kind or its composite material in stainless 
steel, copper and a copper alloy, aluminum and an aluminum containing alloy, titanium, and a 
titanium alloy in the separator of a solid-state polyelectrolyte mold fuel cell according to claim 1. 

[Claim 3] The separator of the solid-state polyelectrolyte mold fuel cell characterized by having 
prepared the corrosion-resistant layer in the lower layer of said low electrical-and-electric- 
equipment resistance layer, and preparing a peeling resistance layer for a low electrical-and- 
electric-equipment resistance layer in the outermost layer of drum of a coating layer at the 
lower layer of said low electrical-and-electric-equipment resistance layer or said corrosion- 
resistant layer in the separator of a solid-state polyelectrolyte mold fuel cell according to claim 
1. 

[Claim 4] In the separator of a solid-state polyelectrolyte mold fuel cell according to claim 3 the 
ingredient of a low electrical-and-electric-equipment resistance layer, a corrosion-resistant 
layer, and a peeling resistance layer nickel, Fe, Co, B, Pb, Cr, Cu, Ti, Bi with low contact 
resistance, The separator of the solid-state polyelectrolyte mold fuel cell characterized by being 
any one kind or two kinds or more of composite material of Sn, W, P, Mo, Ag, Pt, Au, TiC, NbC, 
TiCN, TiN, CrN, TiB2 and ZrB2, Fe2B, and Si3N4. 

[Claim 5] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel 
cell characterized by forming the coating layer which consists of more than two-layer [ of a low 
electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, or the peeling 
resistance layers ] on a separator base material using any one sort or these two sorts or more 
of compound processes of physical vapor deposition, chemical vapor deposition, a nitride 
approach, a boride approach, a carbonizing method, electroplating, or a spraying process. 
[Claim 6] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel 
cell characterized by making [ the thickness of a low electrical-and-electric-equipment 
resistance layer ] thickness of 0.1 microns or more and a peeling resistance layer into 0.1 
microns or more for the thickness of 0.02 microns or more and a corrosion-resistant layer in the 
manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell according 
to claim 5 in case a coating layer is formed using electroplating. 

[Claim 7] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel 
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cell characterized by making [ the thickness of a low electrical-and-electric-equipment 
resistance layer ] thickness of 1.0 microns or more and a peeling resistance layer into 1.0 
microns or more for the thickness of 1 .0 microns or more and a corrosion-resistant layer in the 
manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell according 
to claim 5 in case a coating layer is formed using physical vapor deposition. 
[Claim 8] the crystal orientation in the coating layer which consists of a low electrical-and- 
electric-equipment resistance layer, a corrosion-resistant layer, and a peeling resistance layer in 
the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell 
according to claim 7 — Miller indices (200) — or (002) the manufacture approach of the 
separator of the solid-state polyelectrolyte mold fuel cell characterized by carrying out 
orientation to bearing. 

[Claim 9] The manufacture approach of the separator of the solid-state polyelectrolyte mold fuel 
cell characterized by setting to the manufacture approach of the separator of a solid-state 
polyelectrolyte mold fuel cell according to claim 6 or 8, and making the porosity in a coating layer 
into 5x100% or less at the rate of defective area. 

[Claim 10] The manufacture approach of the separator of the solid-state polyelectrolyte mold 
fuel cell characterized by using the alloy ingredient which a metallic material lower than the 
electric resistance of said separator base material, a ceramic ingredient, a cermet ingredient, or 
these compounded as an ingredient of the coating layer formed on a separator base material in 
the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell 
according to claim 5. 

[Claim 11] The manufacture approach of the separator of the solid-state polyelectrolyte mold 
fuel cell characterized by forming a coating layer on said separator base material after removing 
electrically, mechanically, or chemically the passive state coat or oxide which exists on a 
separator base material in the manufacture approach of the separator of a solid-state 
polyelectrolyte mold fuel cell according to claim 5. 

[Claim 12] The manufacture approach of the separator of the solid-state polyelectrolyte mold 
fuel cell characterized by removing said coating layer electrically, mechanically, or chemically, 
carrying out individual recovery of said coating layer and said separator base material, and 
reusing them on a separator base material using the separator of the solid-state polyelectrolyte 
mold fuel cell which covered the coating layer which consists of a low electrical-and-electric- 
equipment resistance layer, a corrosion-resistant layer, or a peeling resistance layer. 
[Claim 1 3] The manufacture approach of the separator of the solid-state polyelectrolyte mold 
fuel cell characterized by carrying out the reuse of the separator base material ingredient which 
ground and dissolved and was able to obtain the collected separator base material electrically, 
mechanically, or chemically in the manufacture approach of the separator of a solid-state 
polyelectrolyte mold fuel cell according to claim 12. 

[Claim 14] The separator of the solid-state polyelectrolyte mold fuel cell obtained by either to 
claims 5-13 by the manufacture approach of the separator of the solid-state polyelectrolyte 
mold fuel cell a publication. 
</SDO> 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the separator and its manufacture approach of 
the solid-state polyelectrolyte mold fuel cell which used the solid-state poly membrane as an 
electrolyte, and relates to the manufacture approach of a separator of having attained the 
separator and low-cost-izing which attained miniaturization and lightweight-ization especially. 
[0002] 

[Description of the Prior Art] A fuel cell is equipment which transforms into electrical energy the 
chemical energy which a fuel has by making fuels, such as hydrogen, and oxidizers, such as air, 
react electrochemically. 

[0003] Various kinds, such as a phosphoric-acid mold, a melting carbonate mold, a solid acid 
ghost mold, and a solid-state polyelectrolyte mold, are known according to the class of 
electrolyte with which a fuel cell is used. It is a fuel cell using functioning as a solid-state 
polyelectrolyte mold fuel cell carrying out the water of the macromolecule resin film which has a 
proton exchange group in a molecule to saturation also in this as a proton conductivity 
electrolyte, and since it operates comparatively in a low temperature region and generation 
efficiency is also excellent, it is observed in recent years. 

[0004] Drawing 9 is drawing showing the configuration of the cell which is the base unit of a 
solid-state polyelectrolyte mold fuel cell. 

[0005] As shown in drawing 9 , a cell 1 consists of a solid-state poly membrane 2 which has ion 
conductivity, and the anode electrode 3 and the cathode electrode 4 arranged on both sides of 
this solid-state poly membrane 2. And the separator 5 by the side of the anode electrode which 
has the gas supply slot of gas impermeability which supplies reactant gas to the outside of each 
of these electrodes 3 and 4 at each electrodes 3 and 4, and the separator 6 by the side of a 
cathode electrode are arrangement ****. 

[0006] As a solid-state poly membrane 2 which has ion conductivity, the perfluorocarbon 
sulfonic acid (Nafion R: U.S., Du Pont) which is the proton exchange film, for example is known. 
This solid-state poly membrane 2 has the exchange group of a hydrogen ion in the molecule, and 
while functioning as an ion conductivity electrolyte by carrying out saturation water, it has the 
function to separate the fuel 7 supplied from the anode electrode 3 side, and the oxidizer 8 
supplied from the cathode electrode 4 side. 

[0007] The anode electrode 3 arranged on both sides of the solid-state poly membrane 2 at one 
side is formed from catalyst bed 3a and porosity carbon plate 3b. Moreover, the cathode 
electrode 4 which counters with the anode electrode 3 and is arranged is formed from catalyst 
bed 4a and porosity carbon plate 4b. 

[0008] The separator 5 by the side of an anode electrode is arranged in the both-sides side of 
the separator base material 9 and this separator base material 9, and consists of fuel-supply 
slots 10a and 10b which supply a fuel. 

[0009] On the other hand, the separator 6 by the side of a cathode electrode is arranged on the 
side face of the separator base material 11 and this separator base material 1 1, is arranged at 
the field side which touches the cathode electrode 4, and consists of an oxidizer supply slot 1 2 
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which supplies an oxidizer, and this oxidizer supply slot 12 and the fuel-supply slot 10 arranged 
in an opposite hand. 

[0010] Below, the principle of this cell 1 is explained. 

[001 1] If a fuel 7 is supplied to the anode electrode 3 and an oxidizer 8 is supplied to the 
cathode electrode 4, respectively, electromotive force will arise according to the electrode 3 of 
the couple of a cell 1, and the electrochemical reaction between four. Usually, hydrogen is used 
as a fuel 7 and air is used as an oxidizer 8. 

[0012] If hydrogen is supplied to the anode electrode 3, hydrogen will be dissociated into a 
hydrogen ion and an electron in anode catalyst bed 3a, and a hydrogen ion will pass along the 
solid-state poly membrane 2, and an electron will move to the cathode electrode 4 through an 
external circuit, respectively. On the other hand, the oxygen in the air supplied to the cathode 
electrode 4 generates a lifting and water for a cathode reaction with a hydrogen ion and an 
electron in catalyst bed 4a. At this time, the electron passing through an external circuit serves 
as a current, and can supply power. That is, the reaction shown below advances with the anode 
electrode 3 and the cathode electrode 4. In addition, the generated water is discharged out of a 
cell with a unconverted gas. 
[0013] 
[Formula 1] 

7./-KKJ& : H 2 ^ 2H + +2e" 

*V-KRJK : 2H + +l/20 2 + 2 e"-> HgO 

[0014] In such a cell 1, if the moisture content of the solid-state poly membrane 2 decreases, 
ion resistance will become high, mixing (crossover) with a fuel 7 and an oxidizing agent 8 occurs, 
and a generation of electrical energy by the cell becomes impossible. For this reason, as for the 
solid-state poly membrane 2, what is considered as saturation water is desirable. 
[0015] Moreover, when the hydrogen ion separated with the anode electrode 3 by generation of 
electrical energy passes along the solid-state poly membrane 2 and moves to the cathode 
electrode 4, water also moves together. For this reason, in the anode electrode 3 side, the solid- 
state poly membrane 2 becomes a desiccation inclination. Moreover, if there are few steams 
contained in the fuel 7 or air supplied, the solid-state poly membrane 2 will become a desiccation 
inclination near [ each ] a reactant gas entry. For this reason, generally supplying the fuel 7 and 
oxidizer 8 which were humidified beforehand is performed. 

[0016] By the way, less than [ 1 V ] and since the electromotive force of a cell 1 is low, through 
the separators 5 and 6 arranged on the vertical side face of a cell 1, it carries out the laminating 
of the cell 1 of dozens to hundreds of sheets, and usually constitutes the cell stack. And in order 
to control the temperature up of the cell stack accompanying a generation of electrical energy, 
the cooling plate is inserted in this cell stack for every several sheet and cell. 
[0017] The separators 5 and 6 applied to a solid-state polyelectrolyte mold fuel cell need to be 
impermeability to reactant gas or cooling water, in order to give the function to separate each 
cell 1 , and in one side, in order for separators 5 and 6 to laminate a cell 1 , to make it a cell stack 
and they to operate them as a cell, they need to be conductors electrically. Usually, although it 
operates from 70 degrees C to 90 degrees C at low temperature comparatively, the separators 5 
and 6 inside this cell are under the severe environment which the potential difference 
accompanying electrochemical reaction produces at the same time a solid-state polyelectrolyte 
mold fuel cell is exposed to the air containing the steam near the maximum vapor tension in the 
temperature from 70 degrees C to 90 degrees C. For this reason, it is necessary to choose the 
ingredient of corrosion resistance as separators 5 and 6. As a corrosion-resisting material, 
although stainless steel etc. is generally used, when ingredients, such as stainless steel, are 
applied to separators 5 and 6, since a front face will oxidize and the passive state film will be 
formed, the ohm loss of a cell will become large, and generation efficiency will fall greatly. 
[0018] The niobium which is the noble metals which have the outstanding corrosion resistance in 
the U.S. of the 1970s as a separator of the solid-state polyelectrolyte mold fuel cell developed 
for space shuttles once was used. However, the ingredient of a noble-metals system had and 
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carried out the fault of being heavy while it was dramatically expensive. Then, the ballade 
company of Canada is using a carbon plate as a separator, and lightweightHzing and cost 
reduction of a cell stack are in drawing as carried by U.S. Pat. No. 5521018. 

[0019] Drawing 10 is drawing showing the cell stack of a solid-state polyelectrolyte mold fuel cell 
which used the carbon plate. 

[0020] As shown in dravying J_0 , the cell stack 13 is the structure which arranged two or more 
cells 1 in the outer frame 14. And this cell stack 13 consists of the cell section 15 which 
generates electricity by making reactant gas react greatly, and the humidification section 1 6 for 
humidifying reactant gas. 

[0021] Drawing 1 1 is the schematic drawing showing the configuration of the cell 1 in the cell 
section 1 5 of drawing 10 . 

[0022] On both sides of the solid-state poly membrane 2 which has ion conductivity, the anode 
electrode 3 and the cathode electrode 4 are arranged, the separator 1 7 for cooling is formed in 
the outside of the anode electrode 3, the separator 5 by the side of an anode electrode prepares 
outside at the pan of this separator 17 for cooling, and the cell 1 arranged at the cell section 15 
as shown in drawing 1 1 is Moreover, the separator 6 by the side of a cathode electrode is 

installed in the outside of the cathode electrode 4. 

[0023] The separator 17 for cooling makes cooling water absorb the heat of reaction produced 

with a reaction, and it is installed in order to prevent heating of the cell section 15. 

[0024] Drawing 12 is the top view showing the separator 6 installed in the cathode electrode 

side. 

[0025] As shown in drawing 12 , the air induction inlet 18 where a separator 6 consists of a 
carbon plate and which uses the square separator base material 1 1 as a base mostly, and 
introduces air and fuel gas into a corner of this separator base material 1 1, and the fuel gas inlet 
19 are formed. And these inlets 18 and 19, the air exhaust port 20 which discharges air and fuel 
gas to the side which counters, and the fuel gas exhaust port 21 are formed. Moreover, the 
cooling water inlet 22 and the cooling water exhaust port 23 are formed in the other corners of 
the separator base material 1 1 . And on this separator base material 1 1 , in order to lead air to a 
reaction side, the Serpentine-like air slot 24 was formed, and this air slot 24 is connected with 
the air induction inlet 18 and the air exhaust port 20. 

[0026] The air slot 24 is produced by performing press working of sheet metal to the separator 
base material 1 1 which is a comparatively soft carbon plate. In addition, although not illustrated 
here, it has the structure as the separator 6 by the side of a cathode electrode where the 
separator 5 and the separator 17 for cooling by the side of an anode electrode are also the 
same. 

[0027] Although it is almost the same as the configuration of the cell section 15, unlike reactant 
gas touching through the solid-state poly membrane 2, the configuration of the humidification 
section 16 shown in drawin g 10 is humidified in the cell section 15, when the air or fuel gas which 
is reactant gas touches cooling water through the film for steam transparency. 
[0028] 

[Problem(s) to be Solved by the Invention] However, even if it was the separators 5 and 6 which 
were mentioned above, it had the limitation to still make thickness of separators 5 and 6 thin. 
[0029] In order to maintain [ 1 st ] the reinforcement as separators 5 and 6 as this reason in the 
solid-state polyelectrolyte mold fuel cell which used the carbon plate as separators 5 and 6, it is 
mentioned that a certain fixed thickness is required. Moreover, the carbon plate was a porous 
body intrinsically, and since it was necessary to prevent transparency of the gas between 
separators, and transparency of water to the 2nd, for making thickness of separators 5 and 6 
thin, in it, it had the limitation. Also in U.S. Pat. No. 5521018 mentioned above, the thickness of a 
separator is -1.6mm and fixed thickness was demanded. 

[0030] In order to miniaturize the cell stack 13, it was most important to make thickness of a cell 
thin, but since a limitation was to make it thin when a carbon plate is applied to a separator in 
this way, it had the problem that miniaturization was difficult. 

[0031] Moreover, since a carbon ingredient had expensive itself, it had the problem that low- 
cost-izing was difficult. 
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[0032] Furthermore, as compared with metals, such as aluminum and copper, thermal 
conductivity needs to insert the cooling plate with which cooling water flows between each cell 
since it is bad, and, as for a carbon plate, needs to cool a cell. Therefore, it had the problem that 
a cell stack became large further. Moreover, it had problems, like air-cooling-izing is difficult. 
[0033] On the other hand, without using a carbon plate as a separator ingredient, when a metal 
was used as a separator ingredient, the corrosion by the potential difference peculiar to the 
inside of a saturated steam ambient atmosphere or a fuel cell occurred, and it had the problem 
that the engine performance of a cell fell. 

[0034] This invention is made in order to solve these problems, it raises the corrosion resistance 
of the separator of a solid-state polyelectrolyte mold fuel cell, and aims at offering the separator 
of the solid-state polyelectrolyte mold fuel cell which attained miniaturization and lightweight- 
ization. 

[0035] Moreover, it aims at offering the manufacture approach of the separator of a solid-state 
polyelectrolyte mold fuel cell of having attained low cost-ization, by reusing the separator of the 
obtained solid-state polyelectrolyte mold fuel cell. 
[0036] 

[Means for Solving the Problem] Invention according to claim 1 is a cell stack constituted by 
carrying out the laminating of two or more cells which consist of solid-state polyelectrolyte film, 
and the anode electrode and cathode electrode which are arranged to both sides of this solid- 
state polyelectrolyte film. In the separator of the solid-state polyelectrolyte mold fuel cell which 
is inserted between said cells and used within this cell stack said separator It consists of a 
separator base material and a coating layer covered on this separator base material, and said 
coating layer is characterized by having the multilayer structure which consists of more than 
two-layer [ of a low electrical-and-electric-equipment resistance layer, a corrosion-resistant 
layer, or the peeling resistance layers ]. 

[0037] A low electrical-and-electric-equipment resistance layer prevents lowering of the electric 
resistance at the time of contact, and a corrosion-resistant layer prevents the corrosion of a 
separator base material, and a peeling resistance layer has the work which heightens the 
adhesion force and prevents exfoliation of a coat. 

[0038] As mentioned above, the separator of a solid-state polyelectrolyte mold fuel cell is in the 
severe condition that it is exposed to the saturated steam from 70 degrees C to 90 degrees C, 
and there is the potential difference peculiar to a fuel cell. For this reason, by making a coating 
layer into the multilayer structure which consists of a low electrical-and-electric-equipment 
resistance layer, a corrosion-resistant layer, or a peeling resistance layer like this invention, the 
function required of a separator is shared in each coating layer, and the engine performance of a 
separator can fully be pulled out. The sag by resistance of a cell can be prevented by reducing 
the electric contact resistance of a separator important as cell engine performance especially. 
[0039] Moreover, according to this invention, the continuation pore penetrated to the interface 
with the base material of the coating layer produced at the time of the fabrication of a separator 
can be intercepted. For this reason, the corrosion by reactant gas with hydrogen, oxygen, etc. 
which generate the air which is an oxidizer about a fuel at an anode electrode by supplying a 
cathode electrode, or corrosion in a saturated steam ambient atmosphere can be prevented. 
[0040] Furthermore, since the peeling resistance layer was prepared, while being able to improve 
the adhesion of a coat and preventing the coat exfoliation at the time of coat formation, there 
are no defects, such as pore, and a reliable coat can be formed. Therefore, according to this 
invention, the output stabilized more over the long time can be obtained. 
[0041] Invention according to claim 2 is characterized by the ingredient of a separator base 
material being any one kind or its composite material in stainless steel, copper and a copper 
alloy, aluminum and an aluminum containing alloy, titanium, and a titanium alloy in the separator 
of a solid-state polyelectrolyte mold fuel cell according to claim 1. 

[0042] According to this invention, since the ingredient of a separator base material is excellent 
in reinforcement and ductility, compared with carbon, board thickness can be made thin, and 
miniaturization and lightweight-izing of a fuel cell can be attained. Moreover, since it excels in 
high temperature conductivity, it becomes possible to transmit efficiently the heat generated at 
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the time of starting, operation, and a halt to the cooling medium in a manifold, and the cooling 
engine performance improves. Furthermore, since electric resistance is low, the electric contact 
resistance of a separator important as cell engine performance can be reduced, and the sag by 
resistance of a cell can be lost. 

[0043] Invention according to claim 3 is characterized by having prepared the corrosion- 
resistant layer in the lower layer of said low electrical-and-electric-equipment resistance layer, 
and preparing a peeling resistance layer for a low electrical-and-electric-equipment resistance 
layer in the outermost layer of drum of a coating layer at the lower layer of said low electrical- 
and-electric-equipment resistance layer or said corrosion-resistant layer in the separator of a 
solid-state polyelectrolyte mold fuel cell according to claim 1. 

[0044] According to this invention, in a low electrical-and-electric-equipment resistance layer, 
the electric contact resistance of a separator important as cell engine performance can be 
reduced, the sag by resistance of a cell can be prevented, and the engine performance and 
dependability can be improved. Moreover, corrosion factors which transmit and advance the pore 
at the time of existing in a low electrical-and-electric-equipment resistance layer in the 
corrosion-resistant layer which there is no pore and forms a precise and uniform coat, such as 
oxygen and a corrosion product, can be intercepted by having prepared the corrosion-resistant 
layer in the lower layer of a low electrical-and-electric-equipment resistance layer. For this 
reason, the exfoliation of a coat and the degradation of a separator base material by corrosion 
can be prevented. Furthermore, it can improve and the adhesion of the coat which run short in a 
low electrical-and-electric-equipment resistance layer or a corrosion-resistant layer by having 
prepared the peeling resistance layer in the lower layer of a low electrical-and-electric- 
equipment resistance layer or a corrosion-resistant layer is accumulated, while preventing the 
coat exfoliation produced at the time of coat formation and an activity, there are no defects, 
such as pore, and a reliable low electrical-and-electric-equipment resistance layer and a 
corrosion-resistant layer can be formed. 

[0045] Invention according to claim 4 is set to the separator of a solid-state polyelectrolyte 
mold fuel cell according to claim 3. The ingredient of a low electrical-and-electric-equipment 
resistance layer, a corrosion-resistant layer, and a peeling resistance layer nickel, Fe, Co, B, Pb, 
Cr, Cu, Ti, Bi with low contact resistance, It is characterized by being any one kind or two kinds 
or more of composite material of Sn, W, P, Mo, Ag, Pt, Au, TiC, NbC, TiCN, TiN, CrN, TiB2 and 
ZrB2, Fe2B, and Si3N4. 

[0046] Since it excels in compatibility with a separator base material, while according to this 
invention being able to aim at improvement for the adhesion of a coat and preventing the coat 
exfoliation at the time of coat formation, a coat with high dependability without defects, such as 
pore, can be formed. 

[0047] The manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell 
according to claim 5 is characterized by forming the coating layer which consists of more than 
two-layer [ of a low electrical-and-electric-equipment resistance layer, a corrosion-resistant 
layer, or the peeling resistance layers ] on a separator base material using any one sort or these 
two sorts or more of compound processes of physical vapor deposition, chemical vapor 
deposition, a nitride approach, a boride approach, a carbonizing method, electroplating, or a 
spraying process. 

[0048] According to this invention, a defect can form precisely the ingredient which could form 
thinly the low ingredient of electric resistance and contact resistance in homogeneity, and was 
excellent in corrosion resistance few. Furthermore, the ingredient excellent in adhesion and 
ductility can be formed thinly uniformly and precisely. 

[0049] In the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel 
cell according to claim 5, in case invention according to claim 6 forms a coating layer using 
electroplating, it is characterized by making [ the thickness of a low electrical-and-electric- 
equipment resistance layer ] thickness of 0.1 microns or more and a peeling resistance layer into 
0.1 microns or more for the thickness of 0.02 microns or more and a corrosion-resistant layer. 
[0050] In the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel 
cell according to claim 5, in case invention according to claim 7 forms a coating layer using 
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physical vapor deposition, it is characterized by making [ the thickness of a low electrical-and- 
electric-equipment resistance layer ] thickness of 1.0 microns or more and a peeling resistance 
layer into 1.0 microns or more for the thickness of 1.0 microns or more and a corrosion-resistant 
layer. 

[0051] According to invention claim 6 and given in seven, in a low electrical-and-electric- 
equipment resistance layer, there is no lowering of the electric resistance at the time of contact 
on the front face of a coat, the electric contact resistance of a separator important as cell 
engine performance can be reduced, and sag by resistance of a cell can be made into the 
minimum. Moreover, in a corrosion-resistant layer, corrosion factors which transmit and advance 
the pore which exists in a low electrical-and-electric-equipment resistance layer, such as 
oxygen and a corrosion product, can be intercepted to the minimum. For this reason, the 
exfoliation of a coat and the degradation of a separator base material by corrosion can be 
prevented. Furthermore, in a peeling resistance layer, while being able to improve, accumulating 
the adhesion of the coat which run short in a low electrical-and-electric-equipment resistance 
layer or a corrosion-resistant layer and preventing coat exfoliation of the low electrical-and- 
electric-equipment resistance layer at the time of coat formation or a corrosion-resistant layer 
to the minimum, there are no defects, such as pore, and a reliable low electrical-and-electric- 
equipment resistance layer and a corrosion-resistant layer can be formed. 

[0052] the crystal orientation in the coating layer which invention according to claim 8 becomes 
from a low electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, and a 
peeling resistance layer in the manufacture approach of the separator of a solid-state 
polyelectrolyte mold fuel cell according to claim 7 — Miller indices (200) — or (002) is 
characterized by carrying out orientation to bearing. 

[0053] According to this invention, it excels in a mechanical strength and the peeling resistance 
in harsh environments, such as corrosion by 70 to 90 degrees C prolonged saturated steam and 
corrosion by the potential difference peculiar to a fuel cell, and corrosion resistance can be 
acquired. 

[0054] Invention according to claim 9 is characterized by setting to the manufacture approach of 
the separator of a solid-state polyelectrolyte mold fuel cell according to claim 6 or 8, and making 
the porosity in a coating layer into 5x100% or less at the rate of defective area. 
[0055] According to this invention, corrosion factors which transmit and advance pore, such as 
oxygen and a corrosion product, can be intercepted to the minimum, the amount of the metal ion 
eluted in a cooling medium or saturated steam can be reduced, and an electric short circuit with 
cathode and an anode plate can be prevented. Moreover, the peeling resistance in harsh 
environments, such as corrosion by 70 to 90 degrees C prolonged saturated steam and corrosion 
by the potential difference peculiar to a fuel cell, and corrosion resistance can be improved. 
[0056] Invention according to claim 10 is characterized by using the alloy ingredient which a 
metallic material lower than the electric resistance of said separator base material, a ceramic 
ingredient, a cermet ingredient, or these compounded as an ingredient of the coating layer 
formed on a separator base material in the manufacture approach of the separator of a solid- 
state polyelectrolyte mold fuel cell according to claim 5. 

[0057] According to this invention, the electric contact resistance of a separator important as 
cell engine performance can be reduced, and sag by resistance of a cell can be made into the 
minimum. 

[0058] In the manufacture approach of the separator of a solid-state polyelectrolyte mold fuel 
cell according to claim 5, after invention according to claim 1 1 removes electrically, mechanically, 
or chemically the passive state coat or oxide which exists on a separator base material, it is 
characterized by forming a coating layer on said separator base material. 
[0059] While according to this invention being able to raise the adhesion of a separator base 
material and a coat and preventing the coat exfoliation at the time of coat formation to the 
minimum by coating after removing the passive state coat or oxide which exists on a separator 
base material, there are no defects, such as pore, and a reliable coat can be formed. Moreover, 
the manufacturing cost of a separator can be reduced, carrying out minimum maintenance of the 
ingredient deposit efficiency at the time of coat formation. 



http:/ / www4.ipdl.ncipi.gojp/ cgi-bin/ tran_web_cgi_ejje 



2006/04/1 1 



JP,2000-164228,A [DETAILED DESCRIPTION] 



7/16 s<—is 



[0060] The manufacture approach of the separator of a solid-state polyelectrolyte mold fuel cell 
according to claim 12 is characterized by removing said coating layer electrically, mechanically, 
or chemically, carrying out individual recovery of said coating layer and said separator base 
material, and reusing them on a separator base material, using the separator of the solid-state 
polyelectrolyte mold fuel cell which covered the coating layer which consists of a low electrical- 
and-electric-equipment resistance layer, a corrosion-resistant layer, or a peeling resistance 
layer. 

[0061] Invention according to claim 13 is characterized by carrying out the reuse of the 
separator base material ingredient which ground and dissolved and was able to obtain the 
collected separator base material electrically, mechanically, or chemically in the manufacture 
approach of the separator of a solid-state polyelectrolyte mold fuel cell according to claim 12. 
[0062] While preventing an exhaustion of a resource by carrying out individual recovery of a 
coating layer and the separator base material, and processing and carrying out a reuse according 
to invention claim 12 and given in 13, reduction of the manufacturing cost of a separator can be 
aimed at and a low price solid-state polyelectrolyte mold fuel cell can be obtained. 
[0063] The separator of a solid-state polyelectrolyte mold fuel cell according to claim 14 is 
obtained by either to claims 5-13 by the manufacture approach of the separator of the solid- 
state polyelectrolyte mold fuel cell a publication. 
[0064] 

[Embodiment of the Invention] Hereafter, the separator and its manufacture approach of the 
solid-state polyelectrolyte mold fuel cell concerning this invention are explained using drawing 1 
- drawing 9 and a table 1 - a table 4. 

[0065] In the 1 st operation gestalt ( dra win g 1 , drawing 2 ) book operation gestalt, the coating 
layer was covered on the separator base material, and the separator was produced. In addition, 
the Serpentine-like air slot is formed on the separator base material, and the air induction inlet, 
the air exhaust port, etc. are formed. Moreover, a coating layer consists of a low electrical-and- 
electric-equipment resistance layer, a corrosion-resistant layer, and a peeling resistance layer. 
[0066] As an ingredient of a separator base material, any one sort of stainless steel, copper and 
a copper alloy, aluminum and an aluminum containing alloy, titanium, and the titanium alloy or its 
composite was used. 

[0067] The passive state coat or oxide which exists on a separator base material was removed 
electrically, mechanically, or chemically, and the peeling resistance layer was first covered on the 
separator base material. Next, the low electrical-and-electric-equipment resistance layer was 
covered to the corrosion-resistant layer and the outermost layer of drum. 

[0068] As an ingredient of a low electric resistance layer, in 1000microomegacm2 and the EQC 
which are the electric resistance of the carbon ingredient of an activity conventionally nickel, Fe, 
Co, B, Pb, Cr which have electric resistance lower than it, What compounded any one kind or 
two kinds or more of ingredients of Cu, Ti, Bi, Sn, W, P, Mo, Ag, Pt, Au, TiC, NbC, TiCN, TiN, CrN, 
TiB2 and ZrB2, Fe2B, and Si3N4 was used. 

[0069] Moreover, as a corrosion-resistant layer and a peeling resistance layer, the same 
ingredient as a low electrical-and-electric-equipment resistance layer was chosen from a 
viewpoint of porosity, adhesion, ductility, or coating workability, and one kind excellent in 
compatibility or two kinds or more of compounded ingredients were used. 
[0070] As these coating approaches, any one sort or those two sorts or more of compound 
processes of the physical vapor deposition in which thin film formation is possible, chemical 
vapor deposition, a nitride approach, a boride approach, a carbonizing method, electroplating, and 
a spraying process are used. In addition, since the ingredient which can be coated with each 
coating approach, and the coating ingredient which is not so exist in the coating ingredient used 
for a low electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, and a 
peeling resistance layer, it is good for it to choose the optimal coating approach with the 
ingredient applied actually. 

[0071] For example, any one sort or those two sorts or more of compound processes of vacuum 
evaporation technique, the ion plating method, the sputtering method, and the ion beam mixing 
method are used as physical vapor deposition. As chemical vapor deposition, any one sort or 



http:/ / www4.ipdl.ncipi.go jp/cgi-bin/tranj/veb_cgi_ejje 



2006/04/11 



JP,2000-164228,A [DETAILED DESCRIPTION] 



8/16 ^— v 



those two sorts or more of compound processes of a heat CVD method, a plasma-CVD method, 
and a laser CVD method are used. As a nitride approach, any one sort or those two sorts or 
more of compound processes, gas nitriding and a molten salt bath method, are used. A molten 
salt bath method is used as a boride approach. As a carbonizing method, any one sort or those 
two sorts or more of compound processes, the carbon applying method (a carbon ingredient is 
applied with the brush, and after forming a coat, it is heat-treated), or a carbon spray method (a 
carbon ingredient is mixed with a binder in the shape of liquid, and it heat-treats after a spray), 
are used. As electroplating, any one sort or those two sorts or more of compound processes of a 
displacement plating method, electroplating, an electroless plating method, hot dipping, and an 
anodic oxidation method are used. As a spraying process, any one sort or those two sorts or 
more of compound processes of an oxy-fuel-spraying method, an arc spraying method, a plasma 
metal spray method, and a high-speed gas flame metal spray are used. 
[0072] The mimetic diagram of the longitudinal section of the separator of the solid-state 
polyelectrolyte mold fuel cell obtained by such approach is shown in drawing 1 . 
[0073] the separator base material 31 top with which a separator 30 consists of metaled sheet 
metal as shown in drawing 1 — the peeling resistance layer 32, the corrosion-resistant layer 33, 
and the low electrical-and-electric-equipment resistance layer 34 — the coating layer [ from ] 
35 is covered and constituted. 

[0074] Moreover, when the ingredient used for the coating layer 35 of the peeling resistance 
layer 32 and the corrosion-resistant layer 33 or the corrosion-resistant layer 33, and the low 
electrical-and-electric-equipment resistance layer 34 has both of the functions with it, the 
coating layer 35 of either the low electrical-and-electric-equipment resistance layer 34, the 
corrosion-resistant layer 33 or the peeling resistance layer 32 can be mixed, and a number of 
layers can be reduced. This is shown in drawing 2 . 

[0075] As shown in drawin g 2 , on the separator base material 31 which consists of metaled 
sheet metal, the coating layer 35 is covered and a separator 30 is constituted. And this coating 
layer 35 consists of the peeling resistance and the corrosion-resistant layer 36 which used the 
peeling resistance layer 32 and the corrosion-resistant layer 33 as the same layer, and a low 
electrical-and-electric-equipment resistance layer 34 which covers this layer 36. 
[0076] Moreover, the function to separate each cell is given to the separator 30, and in order to 
carry out the laminating of the cell through the separator 30 of dozens of sheets to hundreds of 
sheets and to use it as a fuel cell, it is necessary to form a coating ingredient with low electric 
resistance as an outermost layer of drum of a coating layer where the layer and separator 30 
with which a separator 30 and a cathode electrode contact, and an anode electrode contact. As 
shown in drawing 1 and drawing 2 , in order to make low contact resistance of a separator 30 
and each electrode, it is good to coat the outermost layer of drum of a separator 30 with the low 
electrical-and-electric-equipment resistance layer 34. 

[0077] The coating layer 35 was actually formed on the separator base material 31 using 
electroplating and physical vapor deposition below. 
[0078] Electroplating was used in example 1 this example. 

[0079] The multilayer coating tip layer 35 was covered on the separator base material 31 using 
electroplating. 

[0080] As an ingredient of the coating layer 35, the alloy of Au or Au has been arranged on the 
separator base material 31 in the alloy of nickel or nickel, and the outermost layer of drum. 
[0081] moreover, the separator base material 31 top — the alloy of Au or Au has been arranged 
[ the alloy of nickel or nickel ] for the alloy of Cr or Cr on it on it at the alloy of nickel or nickel, 
and the outermost layer of drum. 

[0082] According to this example, in Au layer on the front face of a coat, lowering of the electric 
resistance at the time of contact is prevented, by the lower layer nickel layer, while heightening 
the adhesion force of Au layer and preventing exfoliation of a coat, corrosion factors, such as 
oxygen which transmits and advances the pore which exists in Au layer, or a corrosion product, 
can be intercepted, and exfoliation of the coat by corrosion can be prevented. Furthermore, in 
the lower layer Cr layer, since the passive state coat of a base material is destroyed for 
corrosion factors which transmit and advance the pore which exists in Au layer and its lower 
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layer nickel layer, such as oxygen and a corrosion product, by Cr oxide layer and nickel layer is 
formed, the adhesion force with the separator base material 31 is heightened, and exfoliation of a 
coat can be prevented. 

[0083] Physical vapor deposition was used in example 2 this example. 

[0084] The multilayer coating tip layer 35 was covered on the separator base material 31 using 
physical vapor deposition. 

[0085] As an ingredient of the coating layer 35, the alloy of TiN or TiN has been arranged on the 
separator base material 31 in the alloy of Cr or Cr, and the outermost layer of drum. 
[0086] moreover, the separator base material 31 top — the alloy of Cr or Cr — a it top — the 
alloy of TiN or TiN — and the alloy of TiN or TiN has been further arranged on this layer in the 
alloy of Cr or Cr, and the outermost layer of drum. 

[0087] While according to this example preventing lowering of the electric resistance at the time 
of contact in the TiN layer on the front face of a coat, heightening the adhesion force of a TiN 
layer in the lower layer Cr layer and preventing exfoliation of a coat, it becomes Cr oxide, 
corrosion factors which transmit and advance the pore which exists in a TiN layer, such as 
oxygen and a corrosion product, are intercepted, and exfoliation of the coat by corrosion can be 
prevented. Furthermore, in the lower layer TiN layer, corrosion factors which transmit and 
advance the pore which exists in Cr layer, such as oxygen and a corrosion product, are 
intercepted, and exfoliation of the coat by corrosion resistance or corrosion is prevented. In the 
lower layer Cr layer, while heightening the adhesion force of a TiN layer and preventing 
exfoliation of a coat, it becomes Cr oxide, corrosion factors which transmit and advance the pore 
which exists in a TiN layer, such as oxygen and a corrosion product, are intercepted, and 
exfoliation of the coat by corrosion is prevented. 

[0088] Therefore, according to this operation gestalt, with the separator 30 of a solid-state 
polyelectrolyte mold fuel cell, since the front face of the separator base material 31 was coated 
with the metallic material lower than the electric resistance, the ceramic ingredient, the cermet 
ingredients, or those alloy ingredients that were compounded of the separator base material 31, 
the electric contact resistance of the separator 30 important as cell engine performance can be 
reduced, and the sag by resistance of a cell can be stopped to the minimum. 
[0089] Moreover, according to the coating approach of this operation gestalt, thin film formation 
is possible and a defect can form precisely the ingredient which it not only can form thinly the 
low ingredient of electric resistance and contact resistance in homogeneity, but was excellent in 
corrosion resistance few. For this reason, it is thin and the ingredient excellent in adhesion and 
ductility can be formed uniformly and precisely. In addition, by removing electrically, 
mechanically, or chemically the passive state coat or oxide which exists on the separator base 
material 31, while being able to raise adhesion with separator base material 31 coat and 
preventing the coat exfoliation at the time of coat formation to the minimum, there are no 
defects, such as pore, and a reliable coat can be formed. Moreover, the manufacturing cost of a 
separator can be reduced, carrying out minimum maintenance of the ingredient deposit efficiency 
at the time of coat formation. 

[0090] Furthermore, according to this operation gestalt, by using a metallic material as an 
ingredient of the separator base material 31, since it excels in reinforcement and ductility, 
compared with carbon, board thickness can be made thin, and miniaturization and lightweight- 
izing of a fuel cell can be attained. By using a metal separator, it is possible to use board 
thickness as sheet metal 1.0mm or less, and it can actually be made one fifth of thickness 
compared with the former. Moreover, since a metallic material is excellent in thermal 
conductivity, it becomes possible [ transmitting efficiently the heat generated at the time of 
starting operation, and a halt to the cooling medium in a manifold ], and its cooling engine 
performance improves. 

[0091] Thus, since the good separator ingredient of heat conduction is used for the separator 
and a separator 31 can be used as a radiation fin of air cooling, air cooling becomes possible. If 
air cooling is adopted, while cooling water will become unnecessary, piping, a pump, etc. for a 
cooling water flow will become unnecessary and a system will be simplified, the cell stack from 
which the cooling water manifold hole inside a cell becomes unnecessary, and serves as a 
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compact system can be obtained. Moreover, since cooling water is not used, there are no 
worries about freezing also in a cold district where an environmental condition becomes 0 degree 
C or less, and a reliable cell stack becomes possible. Furthermore, since the seal nature of gas is 
good compared with the carbon of porosity material, a metal separator can be made into a 
thinner separator and can miniaturize a cell stack. 

[0092] Moreover, by the cell stack in this operation gestalt, although the case where cooling 
water is used for humidification of a unconverted gas was common, since there is no cooling 
water, this cannot be used with air cooling. However, since it has the self-humidification section, 
it is not necessary to newly install the source for humidification, a tank, a pump, etc. become 
unnecessary, and it becomes miniaturizable [ a cell stack ]. 

[0093] In the 2nd operation gestalt ( drawing 3 - drawing 4 ; table 1 - table 3) book operation 
gestalt, thickness with optimal low electrical-and-electric-equipment resistance layer by 
electroplating or physical vapor deposition, corrosion-resistant layer, and peeling resistance layer 
was determined. 

[0094] In example 1 ( dr awin g 3 ; table 1 ) this example, by electroplating, the low electrical-and- 
electric-equipment resistance layer, the corrosion-resistant layer, and the peeling resistance 
layer were formed on the SUS316L base material, the corrosion test was performed using the 
separator of test piece No.1-No.64, and the thickness of optimal each class was determined. 
[0095] Drawing 3 is drawing of longitudinal section on which a part of separator which covered 
the coating layer was typically drawn by electroplating. 

[0096] As shown in drawing 3 , as for a separator 30, the coating layer 35 is covered on the 
separator base material 31. And the coating layer 35 consists of a peeling resistance layer 32 
which used nickel, a corrosion-resistant layer 33 using Cr, and a low electrical-and-electric- 
equipment resistance layer 34 using Au. 

[0097] Test piece No.1-No.64 changed Au layer which is the low electrical-and-electric- 
equipment resistance layer 34 with 0.01-0.04, as shown in a table 1. Moreover, Cr layer which is 
the corrosion-resistant layer 33 was changed with 0.05-0.2 microns, and nickel layer which is the 



peeling resistance layer 32 was further changed with 0.05-0.2 microns. 

[0098] 
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[0099] And the anode electrode was formed with the anode catalyst bed and the anode 
separator, and the cathode electrode was formed with the cathode catalyst bed and the cathode 
separator. The hydrogen which supplied hydrogen to the anode electrode, supplied air to the 
cathode electrode, respectively, and was supplied with the anode electrode was dissociated into 
the hydrogen ion and the electron by the anode catalyst bed using these electrodes, the 
hydrogen ion passed along the solid-state poly membrane, and the electron was moved to the 
cathode electrode through the external circuit, respectively. The oxygen, hydrogen ion, and 
electron in the air supplied with the cathode electrode react by the cathode catalyst bed, water 
is made to generate, and at this time, the electron passing through an external circuit became a 
current, and generated power. 

[0100] As corrosion test conditions, the generation-of-electrical-energy electrical potential 
difference was made into 0.6V, and test time 200 hours, and the corrosion generating condition 
of the outermost surface coat of a separator was searched for. The result is shown in a table 1. 
[0101] As shown in a table 1, it is the case where thickness of 0.1 microns or more and the 
peeling resistance layer 32 is made into 0.1 microns or more for the thickness of 0.02 microns or 
more and the corrosion-resistant layer 33, and, as for corrosion having not occurred in an 
outermost surface coat in a corrosion test, corrosion had generated the thickness of the low 
electrical-and-electric-equipment resistance layer 34 in the outermost surface coat in other 
thickness. 

[0102] In example 2 ( drawing 4 ; table 2) this example, by the arc discharge type ion plating 
method which is physical vapor deposition, the low electrical-and-electric-equipment resistance 
layer, the corrosion-resistant layer, and the peeling resistance layer were formed on the 
SUS316L base material, the corrosion test was performed using the separator of test piece 
No.1-No.64, and the thickness of optimal each class was determined. 

[0103] Drawing 4 is drawing of longitudinal section on which a part of separator which covered 
the coating layer was typically drawn with physical vapor deposition. 

[0104] As shown in drawing 4 , as for a separator 30, the coating layer 35 is covered on the 
separator base material 31. And the coating layer 35 consists of a peeling resistance layer 32 
which used nickel, a corrosion-resistant layer 33 using Cr, and a low electrical-and-electric- 
equipment resistance layer 34 using TiN. 

[0105] Test piece No.1-No.64 changed nickel layer which are the TiN layer which is the low 

electrical-and-electric-equipment resistance layer 34, Cr layer which is the corrosion-resistant 

layer 33, and the peeling resistance layer 32 with 0.05-0.2 microns, respectively, as shown in a 

table 2. 

[0106] 

[A table 2] 
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[0107] The corrosion test was performed using test piece No.1-No.64 shown in a table 2. In 
addition, corrosion test conditions are the same as an example 1. This result is shown in a table 
2. 

[0108] As shown in a table 2, it is the case where thickness of 1.0 microns and the peeling 
resistance layer 32 is made into 1.0 microns for the thickness of 1.0 microns and the corrosion- 
resistant layer 33, and, as for corrosion having not occurred in an outermost surface coat in a 
corrosion test, corrosion generated the thickness of the low electrical-and-electric-equipment 
resistance layer 34 in the outermost surface coat in other thickness. 

[0109] Next, X-ray analysis was performed about the coating layer 35 of the separator obtained 
in the example 2. 

[01 10] A table 3 is a table showing the crystal orientation of the coating layer 35 formed by 

physical vapor deposition. 

[0111] 

[A table 3] 
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[0112] the crystal orientation of the coat which was excellent in corrosion resistance as shown 
in a table 3 — most — Miller indices (200) — orientation of or (002) was carried out to bearing. 
[0113] On the other hand, most of the crystal orientation side of the corroded coat was Miller 
indices (11 1) or (200) (002) the intermingled crystal orientation side. 

[0114] According to this operation gestalt, the thickness of the low electrical-and-electric- 
equipment resistance layer 34 by electroplating 0.02 microns or more, Thickness of 0.1 microns 
or more and the peeling resistance layer 32 is made into 0.1 microns or more for the thickness 
of the corrosion-resistant layer 33. The thickness of the low electrical-and-electric-equipment 
resistance layer 34 by physical vapor deposition moreover, by making thickness of 1 .0 microns or 
more and the peeling resistance layer 32 into 1.0 microns or more for the thickness of 1.0 
microns or more and the corrosion-resistant layer 33 While reducing the electric contact 
resistance of a separator important as cell engine performance and making sag by resistance of 
a cell into the minimum, corrosion factors which transmit and advance the pore which exists in 
the low electrical-and-electric-equipment resistance layer 34, such as oxygen and a corrosion 
product, can be intercepted to the minimum. Furthermore, since the exfoliation of a coat and the 
degradation of the separator base material 31 by corrosion can be prevented, the reliable coating 
layer 35 can be formed. 

[01 15] moreover, the crystal orientation of the coating layer 35 — Miller indices (200) — or 
(002) can acquire the peeling resistance in harsh environments, such as prolonged corrosion and 
corrosion by the potential difference peculiar to a fuel cell, and corrosion resistance by carrying 
out orientation to bearing. Furthermore, while reducing electric contact resistance by carrying 
out a crystal orientation side in the same direction, the current density in a coat becomes 
uniform and sag by resistance of a cell can be made into the minimum. 

[01 16] In the 3rd operation gestalt ( drawing 5 - drawing 6 ; table 4) book operation gestalt, it 
explains having specified the rate of defective area of a coating layer as 5x100% or less. 
[01 17] In this operation gestalt, the separator in which 1 micron of coating layers was formed on 
the SUS316L base material was used with physical vapor deposition. Some drawings of 
longitudinal section of this separator are typically shown in dr awi ng 5 . 

[01 18] As shown in drawing 5 , the coating layer 35 is covered on the separator base material 31 
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with which a separator 30 consists of SUS316L, and this coating layer 35 consists of a peeling 
resistance layer 32 which used nickel, a corrosion-resistant layer 33 using Cr, and a low 
electrical-and-electric-equipment resistance layer 34 using TiN. 

[01 19] And the porosity of the coating layer 35 was changed and it considered as the test piece 
1 - the test piece 10. Porosity [ in / here / the coating layer 35 ] showed the result measured 
by the critical passivation current density method at the rate of defective area. In addition, the 
rate of defective area is the value **(ed) and calculated with the critical passivation current 
density of the separator which does not coat the critical passivation current density of the 
coated separator. 

[0120] The corrosion test was performed using the test piece 1 - the test piece 10. In addition, 
corrosion test conditions presupposed that it is the same as that of the conditions shown in the 
example 1 of the 2nd operation gestalt. The result is shown in a table 4. 
[0121] 

[A table 4] 
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[0122] As shown in a table 4, the porosity in the coating layer 35 is to 5x100% or less at the rate 
of defective area, and corrosion has all generated that corrosion has not occurred in a surface 
coat in a corrosion test at other rates of defective area. This is the result of being transmitted, 
and corrosion's advancing, eluting the metal ion of the separator base material 31 on a front 
face, and corrosion generating the pore which exists in a coat. 

[0123] Therefore, by making the porosity in the coating layer 35 into 5x100% or less at the rate 
of defective area, corrosion factors which transmit and advance pore, such as oxygen and a 
corrosion product, can be intercepted to the minimum, the peeling resistance in harsh 
environments, such as corrosion by 70 to 90 degrees C prolonged saturated steam and corrosion 
by the potential difference peculiar to a fuel cell, and corrosion resistance can improve, and the 
exfoliation of a coat and the degradation of the separator base material 31 by corrosion can be 
prevented. In addition, when using the separator constituted from an Au layer, a Cr layer, and a 
nickel layer by electroplating, it is good to make the porosity in the coating layer 35 into 5x100% 
or less at the rate of defective area. 

[0124] Drawing 6 is drawing of longitudinal section on which a part of separator which shows that 
the continuation pore penetrated to the interface with a separator base material was intercepted 
by the coating layer was drawn typically. 

[0125] If there is no pore penetrated in the lower layer corrosion-resistant layer 33 even if pore 
37 existed in the loan in the low electrical-and-electric-equipment resistance layer 34 as shown 
in dr awing 6 , corrosion factors, such as oxygen which transmits and advances pore 37, and a 
corrosion product, can be intercepted by the surface layer of the corrosion-resistant layer 33. 
Moreover, if it does not exist as continuation pore which penetrated the inside of the lower layer 
stratum disjunctum 32-proof when the pore out of the low electrical-and-electric-equipment 
resistance layer 34 exists in a loan as continuation pore penetrated also in the lower layer 
corrosion-resistant layer 33, corrosion factors which transmit and advance pore 37, such as 
oxygen and a corrosion product, can be intercepted on the front face of the stratum disjunctum 
32-proof. 

[0126] Thus, by intercepting corrosion factors which transmit and advance pore 37, such as 
oxygen and a corrosion product, to the minimum, the peeling resistance in harsh environments, 
such as corrosion by 70 to 90 degrees C prolonged saturated steam and corrosion by the 
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potential difference peculiar to a fuel cell, and corrosion resistance can improve, and the 
exfoliation of a coat and the degradation of the separator base material 31 by corrosion can be 
prevented. Moreover, the amount of the metal ion eluted in a cooling medium or saturated steam 
can be reduced, and an electric short circuit with cathode and an anode plate can be prevented. 
[0127] In the 4th operation gestalt ( drawing 7 ) book operation gestalt, it is covering a multilayer 
coating tip layer on a separator base material, and explains that lifting of sag and contact 
resistance can be prevented. 

[0128] The multilayer coating tip layer which consists of a TiN layer and a Cr layer was covered 
on the separator base material using the ion plating method, the solid-state polyelectrolyte mold 
fuel cell stack was formed, and this was made into Example A. 

[0129] On the other hand, the solid-state polyelectrolyte mold fuel cell stack was formed in the 
separator base material front face using the separator of the SUS316L base material simple 
substance which does not carry out coating processing, and it considered as the example B of a 
comparison. 

[0130] The sag and contact resistance change in a single eel generation of electrical energy 
were compared using Example A and the example B of a comparison. The result is shown in 
drawing 7 . 

[0131] The generation-of-electrical-energy electrical potential difference in the early stages of 
the example A which performed the multilayer coating tip shows 0.6x1 0-1 V, as a continuous line 
shows, and even if generating duration passes 300 hours, lowering of an electrical potential 
difference is not accepted so that clearly from drawing 7 . On the other hand, the generation-of- 
electrical-energy electrical potential difference in the early stages of the example B of a 
comparison which does not carry out coating processing serves as the inclination for 0.35x1 0-1 V 
to be shown, and for a generation-of-electrical-energy electrical potential difference to also fall 
as generating duration passes, as a continuous line shows. Passive state coats, such as an oxide 
and a corrosion product, are formed in a separator base material front face, the contact 
resistance of a separator increases, and, as for this, a generation-of-electrical-energy electrical 
potential difference falls. 

[0132] Moreover, the contact resistance of Example A which performed the multilayer coating tip 
is two or less 10momegacm, as a broken line shows, and it shows the low value. On the other 
hand, the contact resistance in the early stages of the example B of a comparison which does 
not carry out coating processing is 60momegacm2, and it shows 80momegacm2 and a high value 
as generating duration passes. 

[0133] Therefore, according to this operation gestalt, lifting of sag and contact resistance can be 
prevented by carrying out the multilayer coating tip of the low ingredient of contact resistance 
to a separator base material front face. 

[0134] By the way, as for a solid-state polyelectrolyte mold fuel cell stack, even in low 
temperature 0 degree C or less, depending on the application, a circumference environment 
needs to operate good. When water is used for a cooling medium, while the cell is not operating, 
the water inside a cell is frozen, and there is a possibility that a stack may be destroyed by 
expansion of the water at the time of freezing, in the part in the condition that water was 
especially sealed like the inside of a cooling water manifold, or the slot passage of a separator. 
Thus, an operating environment is a wide range temperature environment from the freezing point 
to saturated steam temperature, and the material selection in consideration of both ingredient 
object sex difference is important for it in selection of a separator base material and a coating 
ingredient. The same or coating ingredient with a coefficient of thermal expansion lower than a 
base material needs to be used especially for the coefficient of thermal expansion of a separator 
base material and a coating ingredient. Thereby, compressive residual stress acts on a coating 
coat front face, and exfoliation and crack initiation of a coat can be prevented. 
[0135] In the 4th operation gestalt ( drawing 8 ) book operation gestalt, it recycles by carrying 
out individual recovery of the separator after an activity at a separator base material and a 
coating layer. 

[0136] This procedure is shown in drawing 8 . 

[0137] As shown in drawing 8 , clearance 39 of the coat which is the coating layer which 
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consists of a low electrical-and-electric-equipment resistance layer, a corrosion-resistant layer, 
or a peeling resistance layer recovery 38 about the separator after an activity after carrying out 
was performed first. In addition, on the occasion of the clearance 39 of a coat, the solution 
which can dissolve ingredients, such as a metal which forms a coating layer, was used. In 
addition, the solution applied according to an ingredient was changed. Then, the clearance liquid 
recovery 40 and base material recovery 41 were performed, and individual recovery of a coating 
layer and the separator base material was carried out. 

[0138] After taking clearance liquid recovery 40, clearance liquid purification 42 was taken and it 
took playback 43 as plating liquid. The reuse of this plating liquid was carried out, and the new 
separator plating 44 was obtained. 

[0139] On the other hand, the collected separator base material was made electrically, 
mechanically, or chemical dissolution 45 after grinding, and refining 46 was performed. And the 
refined base material was carried out molding 47, and a new separator was obtained. 
[0140] When expensive noble-metals ingredients, such as gold and silver, are used for the low 
electrical-and-electric-equipment resistance layer, the corrosion-resistant layer, and peeling 
resistance layer which form a coating layer, making all ingredients into disposal has a problem 
from the viewpoint of a resource exhaustion, an environmental viewpoint, and a viewpoint of a 
separator manufacturing cost. Then, like this operation gestalt, regeneration is performed for 
each coating ingredient after recovery electrically, mechanically, or chemically, by using as a 
coating ingredient again, while preventing an exhaustion of a resource, reduction of a separator 
manufacturing cost can be aimed at and a low price solid-state polyelectrolyte mold fuel cell can 
be offered. 

[0141] Moreover, since the recovery effectiveness of an ingredient is high, it is effective, and 
when aluminum and an aluminum containing alloy, copper, and a copper alloy ingredient are 
especially used as an ingredient, the maximum activity of the coating ingredient by plating has 
the high recovery effectiveness of an ingredient, and effectiveness is high [ the activity ] to a 
reuse. 
[0142] 

[Effect of the Invention] According to the manufacture approach of the solid-state 
polyelectrolyte mold fuel cell separator concerning this invention, as explained above, while losing 
the sag by resistance and preventing the corrosion by reactant gas or the saturated steam 
ambient atmosphere, it can obtain the separator which can attain miniaturization and lightweight- 
izing of a fuel cell, and by applying this separator, it is long lasting and it not only can aim at 
reduction of cost, but can obtain a reliable solid-state polyelectrolyte mold fuel cell. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing of longitudinal section of the separator of the solid-state polyelectrolyte 
mold fuel cell in the 1st operation gestalt of this invention. 

[Drawing 2] Drawing of longitudinal section of the separator of the solid-state polyelectrolyte 
mold fuel cell in the 1st operation gestalt of this invention. 

[Drawing 3] Drawing of longitudinal section in the 2nd operation gestalt of this invention on which 
a part of separator which covered the coating layer was typically drawn by electroplating. 
[ Drawin g 4] Drawing of longitudinal section in the 2nd operation gestalt of this invention on which 
a part of separator which covered the coating layer was typically drawn with physical vapor 
deposition. 

[Drawing 5] The sectional view showing the rate of defective area of the coat of the solid-state 
polyelectrolyte mold fuel cell separator in the 2nd operation gestalt of this invention. 
[Drawing 6] The sectional view showing having intercepted the penetration pore in the 2nd 
operation gestalt of this invention which the solid-state polyelectrolyte mold fuel cell separator 
followed. 

[ Drawing 7] Drawing showing the engine-performance comparison with the separator of Example 
A and the separator of the example B of a comparison in the 3rd operation gestalt of this 
invention. 

[Drawing 8] The block diagram having shown recycle of the solid-state polyelectrolyte mold fuel 
cell separator in the 4th operation gestalt of this invention. 
[Drawing 9] Drawing showing the structure of a cell in the former. 

[Drawing 10] Drawing showing the cell stack of the solid-state polyelectrolyte mold fuel cell 
using a carbon plate in the former. 

[Drawing 11] Drawing showing the configuration of the cell in the cell section shown in drawing 
10 in the former. 

[Drawing 12] The top view showing the separator in the former installed in the cathode electrode 
side. 

[Description of Notations] 

30 Separator 

31 Separator Base Material 

32 Peeling Resistance Layer 

33 Corrosion-resistant Layer 

34 Low Electrical-and-Electric-Equipment Resistance Layer 

35 Coating Layer 

36 Exfoliation-proof and Corrosion-resistant Layer 

37 Pore 

38 After [ Activity ] Separator Recovery 

39 Coat Clearance 

40 Clearance Liquid Recovery 

41 Base Material Recovery 

42 Clearance Liquid Purification 
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43 Plating Liquid Playback 

44 New Separator Plating 

45 Base Material Dissolution 

46 Base Material Refining 

47 New Separator Molding 
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[0 0 0 6] -f * >3»«ttS3firT* S#!BS3iHf « 2tl 

»6ftTH4. d©@#il5#Tlg2tt5H^t;:*SK * 
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7V-F*«3tt, M««3 at#7LR^-^>¥1S3 
bt*6iWSn5. *&. 7/-H1S3 tMfaLT 
SI3n«AV-Kll4tt. »II4atM«*- 
#>?S4bt*5MSn^. 
[0 0 0 8] 77— KWMND-fc/tl'— ^5«. -fe/XU 
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HTy-H«KJi3 a»c*HT**-f *>tW.Tt\zm 
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tt, i»l4ai:*^T, 7km-1-*>hmT£lz£r)t> 

v— ke&sscu *££j&-t&o not*, ^vgpm 
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BP*>, 7/-Hil3t*y-Hli4tTtt, « 
[0 0 13] 

Cflsi] 

T^-KRlS : H 2 — 2H + +2e~ 

*V-KR)6 : 2H + +l/2 0 2 + 2e~— H 2 0 

[0 0 14] C0J:5ft*lj6llc*HTtt, mWMtt 

?m 2 & <asMt >&mm < & o . 
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5. fit. Z.G>WkX*y9 1 3te, A£<SJ&#X 
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A U— ^ 6 £^-r¥B0Ta55. 
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-r >^«&fi«»«Ktt». m-k^m^.fzi^mmm^m 

-*©tttt6£+5H;:§l££B-e5. «rfc, WftttflifcUT 

■3. 

[0 0 3 9] £fc#ffi9!K:J:tt«. •fe/fl'— ^OHfHtt 

aa*aE»-r*::ta«Tf**. *8W&7/- 

h'fiil:. *YtaT**sas* v- K«SK«W&-r* 
[0 0 4 0] BiWBttJiSKttfcfc*. &ISI© 

[0041] mans. 2 E«©5EWtt. »#s 1 etoe 

[0 0 4 2] aMBHKJtflft t/u — ***r©*ma« 



*&©&** IC «fc * ttJEiST « & < -T £ <h tfT * S . 
[0 0 4 3] gf $g 3 BB«©%9itt. gf ^ 1 fB«©a 

M£*att)I£:3-5V >^B©«*1-B(c. BftttJl£fl& 

[0044] #56WK«fcntf. <£*mssttt«T«*?a 

«T*a-ftlfeil*»J«-J-*B*ttJiT. ffi*M«ta14B 
H»ihT4Ct SStC, BiIRH£JI&&tt&J& 

mmmz b itr « 1 1 1> ic. £©*hbj&«& < am 

[0 0 4 5] »$9i4ett©Sg9itt. W*«3|B«©@ 

^s^m«?Hi!^»mffi©-fe/i^-^^^^T. en 

ffiSt©fl£^Ni. Fe. Co, B, Pb, Cr, Cu, 
Ti, B i, Sn, W. P » Mo. A g > Pt. Au, 
TiC, NbC, TiCN. TIN, CrN, Ti 
B2. ZrB2. Fe2B, S i 3 N 4 (DDfn* 1 « 

2 a«£Ji±©a[^tf c t * w* t-r 
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^^^©^SUfSSBSih-rsttfel;, mTL^t*© 
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tt, ftH»«tt<Dnf 1 is fcttcns® 

2iK±0*^DtXtfl!HT. ®*mJg}n14B, B 
tttlJ fc«BiiJgtttS© -5 * © 2 B«±^ 6 5 n - 

f s. 
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[0 0 5 1 ] »3fcH6ii«fctf 7ffi*©SS9ll;:J:fttf. fi 

ffitrt£fiTS-8\ *«»©J8ttK«k<5«fiE<ttT£«>NB 
fc-T*c:t*«T#*. W*tt«-efcM£*aJStrtfi: 

£ fctt»fctt»©ft iW*fc«*HKKF JtT * £ *> 
K. a?Lfc£©*«#fc<«*tt©»ir>ffi*Sfi0ittJl 

[0 0 5 2] I$«8Gi«)%«». W*^7f2«©@ 
#«#^«*mg*H*ft©*/tU-*©«ifeGrftK;l3 

(2 0 0) tfcli (0 0 2) ©2f&tCi2|tijT5Cl££# 

[0053] *58«cj;ntf. mw.m&mizmt\, &m 

ffl(D7 OTCj^S 9 0 , C©teft*l!S«CJ:-SJBft. 

[0 0 5 4] M3ftg(9Elt0>X9!H:. W#*6$fctt8 
Ktg©@#:iS^m^K^»«?a©-trA'l/-^©S3ig 

[0055] *&miz&n\t. aaset^TitA-rs 

fiBfP B 1©7 0*Cj&>S 9 o*c©gs 



[0 0 5 6] M$£l 0E«g©^aj«, W^5te«6© 
[0 0 5 7] *56«n»Cj;ntf, **ttHg<hLTfiS^-tr 

[0 0 5 8] mmtm 1 1 eKasswa. 5 ts«© 
[0059] **9§K:«J:fttf. -fe/^u-^S«±tc#« 

»«>*i:t*t-C#, £K&j$l$©£lt3IJE&B/.hl8t;:lft 

[0 0 6 0] M$«l 2E«01ftiS^l»Ii»4 
«»©-fe/^U-^©«JS*ffitt, ir/tl^-^S*r±fc, 

>^»*««UfcH*»^«*PHa!*8»««i© 
-fc/tU-^fflt,*, flUBn— ^-O^JBSmSSW, MM 

a u- * m& t zmmmw. v xnmm -r s £ t wl t 

[0 0 6 1 ] M$£ 1 3 Ett©%9itt. fif ^jg 1 2 fe« 
©H*i««-T««K^W*?fe©-tn U-*©«ifcEr8! 

[0062] m&b 1 2 *5 1 3 e«©sbwk: ±n 

[0063] tmmi 4Eioi*s»w»ais( 
*»©-t/tu-*tt. m*B5j&»&i 3 STo^f 

[0 0 6 4] 
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mwommni&m) sit. *mmz%z>mte&ft=?-w, 
mm. mmMmm © -tA- v - $ & j; tx-t- © iSit £ o ^ 

T. 0 1 ~S 9 * 1 Sffl ^tis^ts. 
[0 0 6 5] Siaili (HI. B2) 

[0 0 6 6] tAlz-i'SWCTOtUTB. Xt^U 

[0 0 6 7] tf, -fe/'?U-^»»±JC#aTSTi6JB 
U ST. -fc/tU-*£#±fc»«*ttJi*«HLfc. 

[0 0 6 8] fittjSftI©«^ttTtt. «£*&ffl© 
# — 3p>*mo>^;iglnT&5 1 0 0 0 /iQcm2i^ 

■en«kofi^*affiSi* 3 fir-r-5N i „ Fe. c 

o . B . Pb. Cr, Cu, T i, Bi, Sn, W, 
P. Mo. Ag, Pt, Au. T i C. NbC. TiC 
N. T i N. CrN, T i B 2 > ZrB2> Fe2B, 

s i 3N40»r>rn3S»iaasfctt2assa±©«»s 

[0 0 6 9] BftttWirffitHittliUT 

[0070] znzo^-rj >-?ij&tVTi<$. mm 
mitmxiwm. $»ifflc, *§#**£© 

[0 0 7 1 ] ttSasSH£<tUT. 

-a 5 *-»yjs®ni"na» 1 asfctt-tn s© 2 a« 

*iiifc(itnb©2i^±©a^ptx&ffln 
n-rna* 1 asfctt-t-ns© 2 aj^±wffl^7D-txsr 



«. #-#>x7U-i£ (#-#>tms*§£S0a:*tt 

iLtit smst^fe. s 
#xi§#&. 7-?®m&. -/yx^mmm. nzmuT, 

[0 0 7 2] d©i5&*ttt:J:01»6n*B{*:K»^ 

[0 0 7 3] 01(C^TJ;5fC, Ott. & 

3 2. IKttM 3 3 * J; WiiafiKttl 3 4 * 6ftn 

[0 0 7 4] Sfc, BiWEttJI3 2£J:tf»ftttJf3 
3. Sfe«Wfttt«3 3*i<fct«a*»«tttt:»3 4 ©3 

■6^to1*TH*«£-Ktt. fi«£ffiffittJ|3 4. 
S3 3£fct4H*MH£J|3 2 0tJfn*03-r^>^ 
13 55-iCLTlt$«f)tui*iTf 5. CM 
0 2 ICTfc-f . 

[0 0 7 5] 02 (C^TJ; O tC. -feA" ^ 3 0 «. & 

^I3 5^*ISntitf*n5. -5-L-T. d©n-7- 
^>^13 5il »i«8H£B3 2 tW&ftJI 3 3 j:6n 
-©■£Lfc»il«ttS«ktfW<tttJi3 6 t. ;©13 

[0 0 7 6] Sfc. -t^U-* 3 

* 3 0 S^bT#«»sa»bT*tBf«»tUT«[ffl-r 

t/^-? 3 o t*v- K«st3&*ft»-r*Ji 
*5j;y:-feA-i/-*3 ot/y-h'ti^iitsn- 
f-r>^I©MitLTtl 

[0 0 7 7] «T(Ct5^T. ABC. «t^jfe*«t^*a 

3 5S»jsKL/fc. 
[0 0 7 8] igMiffl 1 

[0 0 7 9] «Nfe&*ffi^T, t^l/-^M3 1± 
K. ^|3-f-f>^I3 5£«ILfc. 

[0 0 8 0] 3-f-f>J r i3 5©WtU. tAU 
-^SW3 liCN i *fc»4N i ©£&£. tLTl^l- 
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m\ZA u $fc(JA u <D£&*EZWVfz. 

[0 0 8 1 ] tAI/-^S«3 UIIN i Sfctt 

N i (D-a&S:. -^CD±JCC r £fcteC r 
±f^N i ifcteN i ^LT«*VJ1 K A u Sfc 

(iAu«i&#^Etl/fe. 

[0 0 8 2] #£MS«lC«fcntf. SISl0AuItB 
^«B#«ttaSfixCDfiT^telhL. fOTI«N i It 

rJiTNiAu«;fe«fcI*t©TJi©N I JHcEFffiTSSHFL 

£. C r»fc«BT?ttS#©:*»tt&««tt*UTN i 

*£R©HI*fclWjfcT**. 
[0 0 8 3] M&MJL 

[0 0 8 4] i&M»&£ffl^T. #|n-f^ 

[0 0 8 5] 3— >ifH3 5©|fflibT, -tr/l 1/ 
-^Sff3 11C CrSfcliCrC^M, 
JWiKT i NSfcteT i N©^&£E«Lfc. 

[0 0 8 6] £fc, t/^-^S#3 1±C, Cr£fc 
ttC r -€-cr>±{CT i NifclJT i 

f L/T, 2£>lZZ.(Dm±lZC r$Lfzl$C r(D^& 
Sr. ^bTftfl-JllCT i NJfc«T i NC^SEib 

[0 0 8 7] ^Ife&SWCitltf, &lg^®CDT i Nit 
ttSSIlWfOlMfiCfiTSMl/. WI©CrI 

fete, t i NmtzwtE-tzfs.ii&fcfr-oTmA-rzmm 

Scot i Nltlt c r Btc??ft-r-5>^?L££fcoTii 

&-eKA££«&K®MB£M;jI:'rs. -e©TB©C r 
ITU T i N«©^*^S«i6^)l(DSiJSI$^±-rS 

ttfec. t i NB^ffi-rsmase^oTitA-r^ 

[0 0 8 8] S£oT, *208»l8K:<fcntf. H#K^ 
$-fe/N°U-^S«3 l©*ffifc:3— T--r >>/Vfztz<t>. 

m&ttmt txas^-kA u-* 3 0 ©msiwftfg«jg 

[0 0 8 9] **Jfi»S8©3— t 1 ^ >^*SICJ; 



©is t>*m £ « < ^fiE-r * ^ t s a 

<. m&mz&ntztm&!Kf&tf'Pte.<Mmzi&f$.-$-2> 

T?«, &R»«I^O&l||tf«(B**/MBlcB&jI:-r*ttt> 

a;a&i*o^iaa<a:<«»tto!is^&i»*»rit"r* 

[0 0 9 0] **Ms»!8»c«kntf. t/^-? 

«. 5Etttc«n*fc»*-ji;>K:Jt^T«jp*i»<-r* 
si. omm«T©*«»c-r4Jit*tBrii-e*t), ft* 

tCJt^Tl/5CDff${CT^^t74tT#-5o &JS 

*mtt»ean4fc«n<5fc«K eft. ae. &&zm± 

m »c 5fi^f 5 m Zzhm A < v - ;n* ft ©#£)!£# iz 
[0 0 9 1 ] d«J;-5fc. -fe/IU— ^XMr*®^-*: 

[0092] ^/c. j*«i***K^3tf^©jnia»cWffl-r 
[0093] m2mmmm (B3^i4 : ^i~^3) 

[0 0 9 4] gjlfrggn (B3 : »1) 
**ig0iJ(Ct5tiT«. tt&flK&&IC£Q. SUS3 16 
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ZMf&L, SiifcJtNo. l~No. 6 4©t/^l/-?$ 

[0095] m&miz&K). n-Tjyym*: 

[0 0 9 6] 0 3(C^T=t^tr, t/tl/-?3 0H -fe 

-So fLT, 3-f-f>^l3 5lt Ni£ffl^£SiiJ 
l»ttJI3 2£, C r £ffl^fcW:fett«3 3 <h. Au^« 



[0 0 9 7] St^jfNo. l~No. 6411 «1IC* 
-Ti5^. fimaffiftxtta 3 4t$.5AuI$0. 0 1 
~0. 0 4 t^-fb^-Brfc. ifc. W:fttt/I3 3T&-5C 
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